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(54) CERIUM OXIDE ABRASIVE AND METHOD OF ABRADING SUBSTRATES 

(57) This invention provides a cerium oxide abrasive 
with which the surfaces of substrates such as Si0 2 insu- 
lating films can be polished at a high rate without caus- 
ing scratches. The abrasive of the present invention 
comprises a slurry comprising cerium oxide particles 
whose primary particles have a diameter of from 10 nm 
to 600 nm and a median diameter of from 30 nm to 250 
nm and slurry particles have a median diameter of from 
150 nm to 600 nm and a maximum diameter of 3,000 
nm or smaller, the cerium oxide particles being dis- 
persed in a medium. 
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Description • * 

TECHNICAL FIELD 

5 tOOOU This invention relates to a cerium oxide abrasive and a method of polishing substrates. 
BACKGROUND ART 

, 0 chemomechanical abrasives for smoothing ino^jan, ^^^^^^o^oOal silica type abrasives 
process such as plasma-assisted CVD ^^^^S^SS^ <* ^ tetrachloride, followed by 
are produced by growing ^ 

hTiS^ 

, 5 insulating films can not be polished at a sufficiently high PJ^wj^ for photomasks . The cerium oxide 

[0 003] Meanwhile, cerium* oxide abrasives aroused £ w ^ sillca particles and alumina 

abrasives are useful for fin.sh m.rror polish.ng because theyl *ave a nara ness chem ically active nature 

particles and hence the polishing surface .s very diff-cuU to ™™^™™™ZhA to apply the cerium oxide in 
and is known as a strong oxidizing agent. Making the ^^^^^^^^T^LrBurfasB polishing , 

DISCLOSURE OF THE INVENTION 

treating lilms without causes scratches and ^^J^^^f^J^^^^P^*^ 
„ 'so nm 1 600 nm; tha cerium oxid. particles being , ^ „p „, earium oxide p* 

[0007] In the above cerium oxide particles, the primary paniciw. may H'» ' 
35 or smaller and a primary-particle diameter of from 10 nm to 600 nm m ^ 

r^r^on^oeooaa, :*^-S^ , JSS^SSi. ta ,«. l »»1«»a 

mum partlcla diamater oi 3,000 nmormdhr. dfepwant aalaoted from a water-aojuble oroaric high 

ble amine may be used, of which ammonium polyacrylate is preferred. n ,p fP rablv be used 

like, on which silica films have been formed. 

BEST MODES FOR PRACTICING THE INVENTION 

Mg, Ca, Zr, Ti, Ni, Cr and Fe each and more than 10 ppm of Al. 
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"° l^ra ™Ammonium polyacrylate. in particular, ammonium pdyaerylat, having welghva.an.ae mdecjta jrtgWol 

30 as a ball mill, a vibration ball mil., a sateHite ball mil. and a media ag Mng ml. In ■ «J,JS^^ bS*W 
made more highly alkaline, an alkaline substance containing no metal ions, such as aqueous ammoma. may oe 
during the dispersion treatment or after the treatment 

[oS] The cerium oxide abrasive of the present invention may be used as 1 is ,n ^r^^^ £J 
Llsobe used as an abrasive to which an additive such as N.N-diethylethanolamme. N.N-dimethylethanolamme or am, 

amlJd^ 

iSrJariumoxIdapar.iclaswnosa primary ^^"^"T^^ZZ^SZ^^, 

a particle diameter larger than the upper-limit value 600 nm may reault in occurrence of seratehee and those having 
SaSanrmX"~n P m,o^ P nmare^ 

than the above lower-limit values, a low polishing rate may result and. if they are larger than the above upper 

55 SSrSSt^ Snl oxide particles, the primary particles may l"*"^^^ ™ 
nm. If the primary partic.es have a particle diameter smaller than 10 nm a fa-P**-* rate may resu.t I they 
particle diameter larger than the upper-limit value 100 nm. scratches tend to occur nreferablv nave a maxi- 

[0029] In the cerium oxide abrasive of the present invention, the cerium ox.de particles may preferably have a max. 
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mum diameter not larger than 3.000 nm. If the cerium oxide particles have a maximum diameter larger than 3.000 nm. 

r^^Tceir oxide particles obtained by pulverizing f ired cerium oxide by dry-process pulverization such as jet 
S covins a pulverized residue. Such P u.ver B a fi onresidue ^ c !^ 
5 cles teving re-agglomerated, and are presumed to be brol^^by stre^ at^e t, ^ ^^^'^^ 3^^^°^^,^ 
faces which are considered to contribute to the polishing of the surfaces of objects to be poiisnea, sucn as ou 2 

to ^rirthTpSent invention, the primary-particle diameter is measured by observing the particles on a scanning 

W En Mode, S-900. manufactured by Hitachi. Ltd^Tne ^ 

tides as slurry particles is measured by laser diffraction (us.ng. e.g., MASTER SIZER MICROPLUS, manufacture oy 
Malvern Instruments Ltd.; refractive index: 1.9285; light source: He-Ne laser; absorption: 0* 

r0033] The primary particles constituting the cerium oxide particles dispersed in the slurry of the present invention 
,s ^Prefe^ 

the particles on a scanning electron microscope (e.g.. Model S-900. manufactured by Hrtach. Ltd.). 
SSSl As the cerium oxide particles to be dispersed in the slurry of the present invention, cenum o*d paries 
whose structural parameter Y which represents an isotropic microstrain in analyse by the powder X-ray M method 
TrieTAN-94) has a value of from 0.01 to 0.70 may be used. The use of cerium ox.depart.cles having such a crystal 
20 Sain makes it possible to carry out polishing without scratching the surfaces of objects and also at a h.gh rate 

S] Sm oxide parJc.es SispersSj in the slurry of the present invention may preferably have a spe«f« sur- 
Erea of fromTto 45 X Those having a specific surface area ^^^^SSSSK 
surfaces of polish objects, and those having a specific surface area larger than 45 rrr^/g tend to resutt in a low pol sn.ng 
SeTe t?c«ic suS area of the cerium oxide partic.es of the slurry is identical with the specrfic surface area of 

25 SlfeS"^^ 

\oomV to -10 mV. This brings about an improvement in dispersibility of the cerium ox.de particles and makes it possible 
to carry out polishing without scratching the surfaces of polish objects and also at a h.gh rate. 

The cerium oxide particles dispersed in the slurry of the present invention may have an average particle diam- 
30 etero from 200 nm to 400 nm and a particle size distribution half width of 300 nm or smaller. , mm „ tnQ 
[S T^e slurry of the present invention may preferably have a pH of from 7 to 10. and more *™ "£ 
0039 Aftertheslurryhasbeenprepared^ 

for 7 days or more, and more preferably 30 days or more, so that the slurry may cause less «^ea 
[00401 The slurry of the present invention has such good d.spersion and such a low rate of sedimentat .on i fcat rts rate 
35 oTchange in concentration after 2-hour leaving is less than 10% at every height and every posrtion of a column of 10 

cm in diameter and 1 m in height. ■ m , eL ^tt nn ; e neorf mav be 

[0041] The inorganic insulating films on which the cerium coode abrasive of the present ^ e "f on 'f ™J ° e 
formed by a process including low-pressure CVD and plasma-assisted CVD. The formation of S.0 2 gating films by 
iWeSure CVD makes use of monosilane SiH 4 as an Si source and oxygen O z as an oxygen source^Oxriation eac- 

« fonTtislH.-O^ystemmaybecarriedoutata.cMtemperatur^ 

doped in order to make the surface smooth by high-temperature reflowing. it is preferable to use a reaction gas of S.H 4 - 
0 2 -PH system. The plasma-assisted CVD has an advantage that any chemical reaction which require* ,a high tenper- 
atre unSLmal heat equilibrium can be carried out at a low temperature. Plasma may be generated by a process 
Sdin^o types of coupling, namely caoacitive coupling and inductive coupling. Reaction gas ^-MP-J 

45 SiH -N,0 system making use of SiH 4 as an Si source and N 2 0 as an oxygen source and gases of TEOS-0 2 system 
^ngfse^^ (TEOS) as an Si source (la. TEOS plasma-assisted CVD jmethc^ temper- 

ature may preferably be within the range of from 250°C to 400°C. and react.on pressure from 67 Pa to 400 Pa. Thus. 
£ Insulating films in the present invention may be doped with an element such as 

[00421 As the given substrate, substrates may be used which are obtained by forming S.0 2 '"sulating f i 1ms on sem. 
so Scto^ubst?ates, i.e.. semiconductor substrates such as a semiconductor substrate at the stage where arcu £le- 

Ss and wiring patterns have been formed thereon or a substrate at the stage where circuit elements have been 
*er"a lS SiO insulating film formed on such a semiconductor substrate is polished ^^'"^ 

abraSe described above whereby any unevenness on the SiO, insulating f,.m surf ^^^^^ 

smooth surface over the whole area of the semiconductor substrate. Here, as a polishing apparatus fomrronly a^la 
ss blTrSnshL apparatus may be used, having i) a holder for holding a semiconductor substrate and ..) a platen (prov ded 

witi^ motor of revolution is variable) on which a polishing cloth (a pad) 

c^mmorS available nonwoven fabric, foamed polyurethane or porous fluorine resin may be used, and ttiere are no par- 
SlimLtions. The polishing cloth may also preferably be processed to provide grooves where the slurry may gather. 
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There are no particular limitations on polishing conditions, and preferably the platen may be rotated at a small number 
of revolution of 100 rpm or below so that the semiconductor substrate may not smfiUt Pressure applied to the semi- 
conductor substrate may preferably be 1 kg/cm 2 or below so that the substrate does not get sera ched as a result of 
polishing. In the course of polishing, the slurry is fed continuously to the polishing cloth by means of a pump or the like. 
There are no particular limitations on the feed rate of this slurry. It is preferable for the surface of the polishing cloth to 
always be covered with the slurry. 

[0043] Semiconductor substrates on which the polishing has been completed may preferably be well nnsed in running 
water and thereafter water drops adhering to the surfaces of semiconductor substrates are brushed off by means of a 
spin dryer or the like, followed by drying. On the Si0 2 insulating film having been thus smoothed, second-layer alumi- 
num-wiring is formed. An Si0 2 insulating film is again formed between the wiring and on the wiring, followed by polishing 
with the cerium oxide abrasive described above, whereby any unevenness on the insulating film surface is removed to 
provide a smooth surface over the whole area of the semiconductor substrate. This process may be repeated a given 
number of times so that a semiconductor having the desired number of layers can be produced. 
[0044] The cerium oxide abrasive of the present invention may be used to polish not only the Si0 2 insulating films 
formed on semiconductor substrates, but also Si0 2 insulating films formed on wiring boards having given winng, glass, 
inorganic insulating films such as silicon nitride film, optical glass such as photomasks, lenses and prisms, morganic 
conductive films such as ITO (indium tin oxide) film, optical integrated circuits, optical switch.ng devices or optical 
waveguides which are constituted of glass and a crystalline material, optical fiber end faces, optical single crystals such 
as scintillators, solid-state laser single crystals, blue-laser LED (light-emitting diode) sapphire substrates semiconduc- 
tor single crystals such as SiC. GaP and GaAs, magnetic disk glass substrates, magnetic heads and so forth. 
[0045] Thus, in the present invention, what is referred to as the given substrate includes semiconductor substrates on 
which SiO, insulating films have been formed, wiring boards on which Si0 2 insulating films have been formed, glass, 
inorganic insulating films such as silicon nrtride film, optical glasses such as photomasks, lenses and prisms, inorganic 
conductive f ilms such as ITO film, optical integrated circuits, optical switching devices or optical waveguides wh,ch are 
constituted of glass and a crystalline material, optical fiber end faces, optical single crystals such as scintillators solid- 
state laser single crystals, blue-laser LED sapphire substrates, semiconductor single crystals such as S.C, GaP and 
GaAs. magnetic disk glass substrates, and magnetic heads. ■«.«„,♦ ^ a „ 

[0046] The slurry prepared by dispersing the cerium oxide particles in the medium reacts chemically w.th part of an 
insulating film layer provided on the given substrate to form a reactive layer, and the reactive layer ,s removed median- 
. ically with the cerium oxide particles, thus making it possible to polish the insulating film layer at a high rate and also 
without causing any polish scratches. 

[00471 Cerium oxide abrasives are used in glass-surface polishing for photomasks. The cerium ox.de abrasives are 
useful for finish mirror polishing because they have a lower hardness than silica particles and alumina particles and 
hence the polishing surface is unlikely to be scratched. Also, cerium oxide has a chemically active nature and is known 
f as a strong oxidizing agent. MaWng the most of this advantage, it is useful for the 

omechanical abrasives for insulating films. However, if the cerium ox.de abrasives used in Qlass-surface ^ polishing for 
photomasks are used in the polishing of insulating f ilms as they are. the particles have such high crystall.nrty that the 
insulating film surface may be subject to polish scratches which are visually perceivable. 

[0048] Factors that determine the crystallinity include crystallite size and crystal strain. When the crystallite size is as 

i large as 1 urn or more, polish scratches tend to occur. Also, even when the crystallite size is small, polish scratches may 
occur if particles having no crystal strain are used. However, some cerium oxide particles have too low a crystallinity to 
cause any polish scratches, but are not able to effect high-rate polishing. Thus, cerium oxide particles which make it 
possible to prevent polish scratches and to effed high-rate polishing have a range of proper particle size and a proper 
degree of strain. Factors that determine the polishing rate include not only the crystallinity of particles stated above but 

5 also the active chemical nature inherent in cerium oxide. 

[0049] Even with use of silica particles having a higher particle hardness than the cerium oxide particles, silica slurries 
have a much lower polishing rate than the cerium oxide slurry. This indicates that the cerium oxide slurry has a stronger 
chemical factor in the chemomechanical polishing. The surface of SiO z insulating film stands charged negatively in a 
solution having a hydrogen ion concentration of pH 3 or more. When polished with a slurry making use of cerium ox.de 

o particles standing charged positively, an inert film composed chiefly of cerium oxide is formed. This inert Mm can not be 
removed by washing with water, and is removed using a strongly acidic solution such as nitric acid. Simultaneously with 
the removal of the inert film by the use of an acid, the insulating layer is removed to an extent of 1 ,000 nm or more. The 
insulating film thus removed is a reactive layer formed when the inert film is formed. The inert film is also formed when 
the cerium oxide particles stand charged negatively. The degree of adhesion of the inert film to the .nsulat.ng film 

« depends on how far the particles are charged. For example, an inert film formed when the absolute negative value 
where the particles stand charged is great can be removed by washing with water or brush cleaning. That is. the degree 
of formation of the inert layer and readive layer depends on the state of charging of particles. This phenomenon of for- 
mation of the inert film is not seen in silica slurries, and is a phenomenon inherent in the cerium oxide slurry. This phe- 



5 



EP 0 939 431 A1 



a low crystallinity, the reactive layer can not * i££S^5E n S Che 7" 1echanical P^Q- « Particles have 
having a high crystallinity can remove the rJS^^^S Ind Z ^ ° n the ^ hand ' ^ cles 
5 immediately after removal. Thus the formatinn of fL *- , ' Can qu,cWy scrape off the rea <*ve layer formed 
another, so that the polishing^ 

*"* - - — ~ent „ 
Planum electrodes on both sides and a voltages appS tc hXh2 ™ as L urin 9 Ce " like the one with 

« to have charges upon application of the voltage mo2 S^SSESlS't Cenum oxide P« r ^.es having come 
charges. The mobility thereof is determined, and IT 9 3 P °' arity reverse to that of ^ 

s.on of the relationship between mobility a^T^r^^T^^tT bedete ™ n «* froma known expres- 
slurry may preferably have a zeta potential oiTo^of'^ZtZT T ' ayer ' ,he cerium «*te 

even though charged negatively, have an absolute Xl^L„T ^ P^clesare charged positively or. 

s Pining wfthopt^ 

have a zeta potential of from -100 mV to -10 mV 'mposs.ble. Accordingly, the slurry may preferably 

ta.n type of film and the other film may be S fehS se ES2w ? * er *° n , may be ,ormed ° n| y °" *he surface of one cer- 
> films on the substrate can be polish J selectrvely. whereby layers formed of two or more types of different 

ss t yP T : e jr ^ 0 :^z~ ^ m—or^r t* be ^ - - — - - 

where such an inert film has been formed mayTer^e as J !T d '? eren < ,,,ms ° n ». substrate, and the film area 
whereb y payers formed as d^^^ 

integer insult ?S SKSftSS^ ~ °" - - * ^ 

a reaction product of a polishing liquid corriposifen w^ff Z ^^^l ^"^^^^ ° r 
refers to a surface layer that may make the polish™ fowl? ! f m " d ° n SUCh Sur,aces - 1716 inert f "m 

am .nterlayer insulating film and interlayer ^I^^SSS ° ri 9 ina, 'y- such a cer- 

terns of semiconductor chips, another irLlayeM 2 on wh,ch £ no khin " 27 be f0rmed are used to form P* 

thesuLtratetrS^^^ 

an SiQ 2 film formed by chemical vapor depo^on c!SSl \ 0 S£" T ° r9aniC S0G < s P in -° n 9 |ass ) *" and 

Number of C atoms/(number of Si atoms + number of C atoms) S 0. 1 

on the wiring, followed by polishing using ^eaZeZZo^fl^T ?" ^ wirin ^ and 

him layer surface to provide a smooth face over the whote ™ « IT V rem ° Ve unevenne ^ of the insulating 

repeated a given number of times so that "ZZS^E^l B ?™* K ** substrate. This process may be 
process where the films formed of two or m^^S^2S^ °' ,ayers can be ^ed. In the 

Fvamnlo 1 



Example 1 
(Production 1 of cerium oxide particles) 



^«,on to co* m « cerium oxlde . ^ rreSpMt j r^ssr.^^^e's 
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surfaces of the fired powder were observed on a scanning electron microscope, where grain boundaries of cerium oxide 
were seen. Diameters of cerium oxide primary particles surrounded by the grain boundaries were measured to find that 
the median diameter and maximum diameter in their particle size distribution were 190 nm and 500 nm, respectively. 
Precision measurement by X-ray diffraction was made on the fired powder, and the results obtained were analyzed by 

s the Rietvelt method (RIETAN-94) to find that the value of structural parameter X which represents primary-particle 
diameter was 0.080 and the value of structural parameter Y which represents an isotropic microstrain was 0.223. Using 
a jet mill, 1 kg of the cerium oxide powder was dry-process pulverized. The pulverized particles obtained were observed 
on a scanning electron microscope to find that large pulverization residue particles of from 1 jim to 3 nm diameter and 
pulverization residue particles of from 0.5 jim to 1 nm diameter were present in a mixed state in addition to small parti- 

70 cles having the same size as primary-particle diameter. The pulverization residue particles were not agglomerates of 
primary particles. Precision measurement by X-ray diffraction was made on the pulverized particles, and the results 
obtained were analyzed by the Rietvelt method (RIETAN-94) to find that the value of structural parameter X which rep- 
resents primary-particle diameter was 0.085 and the value of structural parameter Y which represents an isotropic 
microstrain was 0.264. As the result, there was almost no variation in primary-particle diameter caused by pulverization 

75 and also strains were introduced into particles as a result of pulverization. Measurement of specific surface area by the 
BET method also revealed that it was 10 m 2 /g. 

(Production 2 of cerium oxide particles) 

20 [0059] 2 kg of cerium carbonate hydrate was placed in a container made of platinum, followed by firing at 750°C for 
2 hours in air to obtain about 1 kg of a yellowish white powder. Phase identification of this powder was made by X-ray 
diffraction to confirm that it was cerium oxide. The fired powder had particle diameters of 30 to 100 urn. The particle 
surfaces of the fired powder were observed on a scanning electron microscope, where grain boundaries of cerium oxide 
were seen. Diameters of cerium oxide primary particles surrounded by the grain boundaries were measured to find that 

25 the median diameter and maximum diameter in their particle size distribution were 141 nm and 400 nm. respectively. 
Precision measurement by X-ray diffraction was made on the fired powder, and the results obtained were analyzed by 
the Rietvelt method (RIETAN-94) to find that the value of structural parameter X which represents primary-particle 
diameter was 0.101 and the value of structural parameter Y which represents an isotropic microstrain was 0.223. Using 
a jet mill, 1 kg of the cerium oxide powder was dry-process pulverized. The pulverized particles obtained were observed 

30 on a scanning electron microscope to find that large pulverization residue particles of from 1 fim to 3 urn diameter and 
pulverization residue particles of from 0.5 nm to 1 jim diameter were present in a mixed state in addition to small parti- 
cles having the same size as primary-particle diameter. The pulverization residue particles were not agglomerates of 
primary particles. Precision measurement by X-ray diffraction was made on the pulverized particles, and the results 
obtained were analyzed by the Rietvelt method (RIETAN-94) to find that the value of structural parameter X which rep- 

35 resents primary-particle diameter was 0.104 and the value of structural parameter Y which represents an isotropic 
microstrain was 0.315. As the result, there was almost no variation in primary-particle diameter caused by pulverization 
and also strains were introduced into particles as a result of pulverization. Measurement of specific surface area by the 
BET method also revealed that it was 16 m 2 /g. 

40 (Production of cerium oxide slurry) 

[0060] 1 kg of the cerium oxide particles obtained in the above production 1 or 2, 23 g of an aqueous ammonium poly- 
acrylate solution (40% by weight) and 8,977 g of deionized water were mixed, and the mixture formed was subjected to 
ultrasonic dispersion for 10 minutes with stirring. The slurries thus obtained were filtered with a 1 nm filter, followed by 

45 further addition of deionized water to obtain a 3% by weight abrasive. The slurries had a pH of 8.3. 

[0061 ] Particle size distribution of slurry particles was examined by laser diffraction (measured with a measuring 
apparatus: MASTER SI2ER MICROPLUS, manufactured by Malvern Instruments Ltd.; refractive index: 1.9285; light 
source: He-Ne laser; absorption: 0) to find that the median diameter was 200 nm for each slurry. With regard to maxi- 
mum particle diameter, particles of 780 nm or larger were in a content of 0% by volume. 

so [0062] To examine dispersibility of the slurries and charges of the slurry particles, the zeta potentials of the slurries 
were measured. Each cerium oxide slurry was placed in a measuring cell provided with platinum electrodes on both 
sides, and a voltage of 10 V was applied to both electrodes. Slurry particles having come to have charges upon appli- 
cation of the voltage move toward the electrode side having a polarity reverse to that of the charges. The zeta potential 
of particles can be determined by determining their mobility. As a result of the measurement of zeta potential, it was 

55 confirmed that the particles in each slurry were charged negatively, and showed a large absolute value of -50 mV or - 
63 mV, respectively, having a good dispersibility. 
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(Polishing of insulating film layer) " * 



where no evident scratches were seen. 
Example 2 

(Production of cerium oxide particles) 



Ss in a^toSir^Tf P>aCed 3 C ° ntainer made of P ,atinum - fo,lowed ^ ^ng at 700=0 for 

d£^Z££Z££? 9 3 y Sh WNte POWden Phase iden «°" °' this Powder was made by X-ray 



(Production of cerium oxide slurry) 



Sex 1 fSSSTS ZteZ^™ ^T'" 9 a » Mx: ^'CROPLUS. manufactured by Master Sizer; retrace 
mpSl J°T^ Xamine diSpersibi,ity of 1116 s,u "y and ^^ges of the slurry particles, the zeta potential of the slurry was 
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[0070] A silicon wafer on which an Si0 2 insulating film produced by TEOS plasma-assisted CVD was formed was set 
on a holder provided with a suction pad stuck thereon for attaching the substrate to be held, and the holder was placed. 
s with its insulating film side down, on a platen on which a polishing pad made of porous urethane resin was stuck. A 
weight was further placed thereon so as to provide a processing load of 300 g/cm 2 . 

[0071] The platen was rotated at 30 rpm for 2 minutes to polish the insulating film while dropwise adding the above 
cerium oxide slurry (solid content: 3% by weight) onto the platen at a rate of 35 ml/minute. After the polishing was com- 
pleted, the wafer was detached from the holder and then well rinsed in running water, followed by further cleaning for 

10 20 minutes using an ultrasonic cleaner. After the cleaning was completed, the wafer was set on a spin dryer to remove 
drops of water, followed by drying for 10 minutes using a 120°C dryer. Changes in layer thickness before and after the 
polishing were measured with a light-interference type layer thickness measuring device. As the result, it was found that 
as a result of this polishing the insulating film was abraded by 740 nm (polishing rate: 370 nm/minute) and the wafer 
was .in a uniform thickness over its whole area. The surface of the insulating film was also observed using an optical 

75 microscope, where no evident scratches were seen. 

Example 3 

(Production of cerium oxide particles) 

20 

[0072] 2 kg of cerium carbonate hydrate was placed in a container made of platinum, followed by firing at 800°C for 
2 hours in air to obtain about 1 kg of a yellowish white powder. Phase identification of this powder was made by X-ray 
diffraction to confirm that it was cerium oxide. The fired powder had particle diameters of 30 to 100 \ym. The particle 
surfaces of the fired powder were observed on a scanning electron microscope, where grain boundaries of cerium oxide 

25 were seen. Diameters of cerium oxide primary particles surrounded by the grain boundaries were measured to find that 
the median diameter and maximum diameter in their particle size distribution were 190 nm and 500 nm, respectively. 
Precision measurement by X-ray diffraction was made on the fired powder, and the results obtained were analyzed by 
the Rietvelt method (RIETAN-94) to find that the value of structural parameter X which represents primary-particle 
diameter was 0.080 and the value of structural parameter Y which represents an isotropic microstrain was 0.223. 

30 [0073] Using a bead mill, 1 kg of the cerium oxide powder was wet-process pulverized. A fluid containing the pulver- 
ized particles obtained was dried, and the dried particles were ball-mill pulverized. The resultant pulverized particles 
were observed on a scanning electron microscope to find that they had been pulverized to particles having the same 
size as primary-particle diameter and no large pulverization residue particles were seen. Precision measurement by X- 
ray diffraction was made on the pulverized particles, and the results obtained were analyzed by the Rietvelt method 

35 (RIETAN-94) to find that the value of structural parameter X which represents primary-particle diameter was 0.085 and 
the value of structural parameter Y which represents an isotropic microstrain was 0.300. As a result, there was almost 
no variation in primary-particle diameter caused by pulverization and also strains were introduced into particles as a 
result of pulverization. Measurement of specific surface area by the BET method also revealed that it was 10 m 2 /g. 

40 (Production of cerium oxide slurry) 

[0074] 1 kg of the cerium oxide particles produced in the above, 23 g of an aqueous ammonium polyacrylate solution 
(40% by weight) and 8,977 g of deionized water were mixed, and the mixture formed was subjected to ultrasonic dis- 
persion for 10 minutes with stirring. The slurry thus obtained was filtered with a 1 filter, followed by further addition 
is of deionized water to obtain a 3% by weight abrasive. The slurry had a pH of 8.3. Particle size distribution of slurry par- 
ticles was examined by laser diffraction (measuring apparatus: MICROPLUS, manufactured by Master Sizer; refractive 
index: 1 .9285) to find that the median diameter was 290 nm. With regard to maximum particle diameter, particles of 780 
nm or larger were in a content of 0%. 

[0075] To examine dispersibility of the slurry and charges of the slurry particles, the zeta potential of the slurry was 
so measured. The cerium oxide slurry was put in a measuring cell provided with platinum electrodes on both sides, and a 
voltage of 10 V was applied to both electrodes. Slurry particles having come to have charges upon application of the 
voltage move toward the electrode side having a polarity reverse to that of the charges. The zeta potential of particles 
can be determined by determining their mobility. As a result of the measurement of zeta potential, it was confirmed that 
the particles were charged negatively, and showed a large absolute value of -50 mV. having a good dispersibility. 

55 

(Polishing of insulating film layer) 

[0076] A silicon wafer on which an SiQ 2 insulating film produced by TEOS plasma-assisted CVD was formed was set 
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on a holder provided with a suction pad stuck thereon for'artaching the substrate to be held, and the holder was placed 

SiJ? T £ 9 ? OWn ' ° n 3 P ' aten °" which a polishin 9 P ad made 0{ P° rous methane resin was stuck. A 
we.ght was further placed thereon so as to provide a processing load of 300 g/cm 2 The platen was rotated at 30 rpm 

™* 66 *° P P'' Sh th 4 e ,nsu,atin 9 film while dropwise adding the above cerium oxide slurry (solid content: 3% by 
weight) onto the platen at a rate of 35 ml/minute. 

f °l shin i was com P'eted. the wafer was detached from the holder and then well rinsed in running 
waSw^pfo " h ean,n9 f ° r 20 minUt6S USinQ an U,trasonic c,eaner " After the clea ™9 was completed, the 
Jfh>?i ! ?' n y ! r ° rem ° Ve dr ° PS ° f Water ' followed b * dr y in 9 ,or 1 0 minutes ^"9 a 1 20°C dryer. Changes 
£5? 'I™ H be ? re a " d a "f r ,he P0,ishin9 were measured with a >i9ht-interferenc e type layer thickness measuring 
Te 280 nroSj y 38 3 r6SUlt ° f "» P0 ' iShin9 016 inSU,atn 9 was ^ 560 nm (polishing 

Zs!lloote^t?n* 7 T ^ 8 Unif ° rm thiCkn6SS ° Ver rtS Wh ° le area - The Surface of the insul ^n9 «m 
was also observed using an optical microscope, where no evident scratches were seen. 

Example 4 

(Production of cerium oxide particles) 

p°h!nL 1 k9 t ° f C ! t riUm l atbonate hydrate was P |aced in a container made of platinum, followed by firing at 700°C for 
diSon tc lo^Tl T ye "° WiSh ^ P ° Wder Ph3Se iden »n of this powder was made by X-ray 

tuZT i?k < I J CenUm ° Xlda The ,ired P0wder had P article diameters of 30 to 100 pm. The particle 
^ ^ Si !f ^ ^ W6re ° bSerVed ° n 9 SCannin9 eleCtr ° n micras ^P^ "here grain boundaries of cerium oxide 
the med^n ^7°!?™™ ° X ' de P^ surrounded b * the 9rain boundaries were measured to find that 

PrLT^r ?J T X,mUm d ' ameter th6ir Partide Size ^"bution were 50 nm and 100 nm, respectively 

^S^S^i^^T^ mad6 ° n P ° Wder - 3nd the reSU,tS ° btained were analyzed bj 

J^SESLTSlE? 1 11 , ] 10 ,,nd thS Va ' Ue ° f StruCtural parameter X which represents primary-particle 

m^X^^JT,T m 1 V ,nK ^ parameter Y which represents an isotropic microstrain - as °- 350 - 

Li nLinJc I, i ■ J?? the CenUm ° X,de P0Wder WaS wet -P ro <*ss pulverized. A fluid containing the pulver- 
ized particles obtained was dned. and the dried particles were ball-mill pulverized. The resultant pulverized Darticles 

r: nin9 electr r microscope to ,ind that they had bee " p ui -- ad *» p««S 

STiET V " P h ame u ef 3nd n ° ,ar9e P ulveri2ation resid "e Particles were seen. Precision measurement by X 

S^^io^ , SJ!h 0n . e P i!! ver ^ ed particleSi and the resurts obtained were ana,yzed b * »* Rietvelt ™Z»d 

hfvI^t?Jn * ^ Va ■"•J* StrUCtUra ' P arameter X which represents primary-particle diameter was 0.302 and 
the value of structural parameter Y which represents an isotropic microstrain was 0.450. As a result, there was almost 
no var.at.on in pnmary-particle diameter caused by pulverization and also strains were introduced into partcles T a 
result of pu.ver.zat.on. Measurement of specific surface area by the BET method also revealed that it was 40 % 

(Production of cerium oxide slurry) 

51 ^ t 2^^?!?^" Pr °f UC6d in the ab0ve ' 23 9 of an ac > ueous ammonium Pcfyacry.ate solution 
n^tn Z n } * ' Z 9 de,on,zed water were mixed, and the mixture formed was subjected to ultrasonic dis- 
own Ih Tf St ' rrin9 - ThS S ' Urry thUS 0btain6d was ,iltered with a 1 ^ filter, fol.owed by furthe^tim 
of de.on.zed water to obta.n a 3% by weight abrasive. The slurry had a pH of 8.5. Particle size distribution of slurry par 

STSSSl^^ - !^ (meaSUrin9 aPParatUS: MICROPLUS - manufactured by Master Sizer^ive 
^.argefw^ 

m^,!r J 0 ^ 3 " 11 " 6 diSp ^ rsibi,it y of the s,urrv and cha r9es of the slurry particles, the zeta potential of the slurry was 
J CenUm S 'r y WaS PUt in 3 meaSUrin9 Ce " pr ° vided with P ,atinum ele *° d ^ on both sides, anTa 
° f 10 y WaS appl, f 10 both el ^rodes. S.urry particles having come to have charges upon application of tf,e 

can b TJtZ H L 6rtr0de f 6 haVin9 3 PO ' arity rW6rSe 10 th3t ° f the Char9es " The -ta potenL of partic^ 

ZlZSS^&ZT™"? I™ "L ^ AS 3 r6SUlt ° f the measuremen t of zeta potential. H was confirmed that 
the part.cles were charged negatively, and showed a large absolute value of -65 mV. having a good dispersibility. 

(Polishing of insulating film layer) 

onThLdtt^Sth" Wh S h a " S ^ 2 in ? U ! atin9 f Mm produced by P'asma-assisted CVD was formed was set 
on a holder prov.ded with a suction pad stuck thereon for attaching the substrate to be held, and the holder was olaced 

we.ght was further placed thereon so as to provide a processing load of 300 gW. The platen was rotated at 30 rpm 
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for 2 minutes to polish the insulating film while.dropwise adding the above cerium oxide slurry (solid content: 3% by 
weight) onto the platen at a rate of 35 ml/minute. 

[0083] After the polishing was completed, the wafer was detached from the holder and then well rinsed in running 
water, followed by further cleaning for 20 minutes using an ultrasonic cleaner. After the cleaning was completed, the 
5 wafer was set on a spin dryer to remove drops of water, followed by drying for 10 minutes using a 120°C dryer. Changes 
in layer thickness before and after the polishing were measured with a light-interference type layer thickness measuring 
device. As the result, it was found that as a result of this polishing the insulating film was abraded by 400 nm (polishing 
rate: 200 nm/minute) and the wafer was in a uniform thickness over its whole area. The surface of the insulating film 
was also observed using an optical microscope, where no evident scratches were seen. 

10 

Comparative Example 

[0084] A silicon wafer on which an Si0 2 insulating film produced by TEOS plasma-assisted CVD was formed in the 
same manner as in Examples, was polished using a commercially available silica slurry (SS225, available from Cabot 
is Corp.). This commercially available silica slurry is one having a pH of 1 0.3 and containing 1 2.5% by weight of Si0 2 par- 
ticles. The polishing was carried out under the same conditions as in Examples. As a result, scratches caused by pol- 
ishing were not seen, and the insulating film layer was polished uniformly, but was abraded only by 150 nm as a result 
of polishing for 2 minutes (polishing rate: 75 nm/minute). 

so POSSIBILITY OF INDUSTRIAL APPLICATION 

[0085] As described above, the abrasive according to the present invention can polish the surfaces of polish objects 
such as Si0 2 insulating films at a high rate without causing scratches, and is especially suited for use in the polishing 
of given substrates such as semiconductor chips. 

25 

Claims 

1 . A cerium oxide abrasive comprising a slurry comprising cerium oxide particles whose primary particles' have a 
median diameter of from 30 nm to 250 nm and slurry particles have a median diameter of from 1 50 nm to 600 nm; 

30 said cerium oxide particles being dispersed in a medium. 

2. A cerium oxide abrasive comprising a slurry comprising cerium oxide particles whose primary particles have a 
median diameter of from 1 00 nm to 250 nm and slurry particles have a median diameter of from 1 50 nm to 350 nm; 
said cerium oxide particles being dispersed in a medium. 

35 

3. A cerium oxide abrasive comprising a slurry comprising cerium oxide particles whose primary particles have a 
median diameter of from 30 nm to 70 nm and slurry particles have a median diameter of from 250 nm to 600 nm; 
said cerium oxide particles being dispersed in a medium. 

40 4. Thecerium oxide abrasive according to any one of claims 1 to 3, wherein said cerium oxide particles have a max- 
imum particle diameter of 3,000 nm or smaller. 

5. The cerium oxide abrasive according to claim 1 or 2, wherein said primary particles have a maximum particle diam- 
eter of 600 nm or smaller. 

45 

6. The cerium oxide abrasive according to daim 1 or 2, wherein said primary particles have a diameter of from 10 nm 
to 600 nm. 

7. The cerium oxide abrasive according to claim 3, wherein said primary particles have a diameter of from 10 nm to 
so 100 nm. 

8. The cerium oxide abrasive according to any one of claims 1 to 7, wherein said medium is water. 

9. The cerium oxide abrasive according to any one of claims 1 to 8, wherein said slurry comprises a dispersant. 

55 

10. The cerium oxide abrasive according to any one of claims 1 to 9, wherein said dispersant is at least one selected 
from a water-soluble organic high polymer, a water-soluble anionic surface-active agent, a water-soluble nonionic 
surface-active agent and a water-soluble amine. 



11 



EP 0 939 431 A1 

11. The cerium oxide abrasive according to claim 10, wherein said dispersant is ammonium polyacrylate. 

1 2. A cerium oxide abrasive comprising a slurry formed by dispersing cerium oxide particles in water containing ammo- 
nium polyacrylate. 

13. The cerium oxide abrasive according to any one of claims 1 to 12. wherein said cerium oxide particles comprise 
cerium oxide obtained by firing cerium carbonate. 

14. A method of polishing substrates, comprising polishing a given substrate with the cerium oxide abrasive accordinq 
to any one of claims 1 to 13. 

15. The method of polishing substrates according to claim 1 4, wherein said given substrate is a semiconductor chip on 
which a silica film has been formed. 
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